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Electroplioietic display unit 



The invention relates to an electrophoretic display unit, to data driving 
cmniitiy for use in an electrophoretic d^^^ 

electrophoretic display unit, to a mefl^od for driving an electrophoretic ^^^^^ 
con^uter program product for driving an electrophoretic display unit. 

nersan.1 J^'^' "'^^^ ^^^^^ 

personal dagxtal assistants (PDAs), mobile telephones and electronic books, electronic 

■•ewwera, and electronic niagazmes. 



^I^" <H*I«r unit is b«™™ft™^ 

apphcafon WO 99/53373. TMsp^,,^,U^,,i^^,,^^ 

r""/*^ - «« «^ being and having a c^unon 

^^kno™,.coun,ereIec.^).ndwi.htl«ofter™bs.«ete^ 

ehctn^ i. a^odated witJ. a pb»L Tl» pi«l is ibnned be.,™^ 
a pctel eU».^ lie pixel dect^te ia coupled to 
Winch fte soa«e „ coupled ,„ the column electrode or da*> eleotn>de and of which gate 
«,ofl,erowelec.,«te„,,elecaon electrode. Tin. Orangemen, of pixeH .randatora 
and»„andeolnn«el.c..»Jes jointly fi^ an active n^trb^ArowdriverCa^ 
«WUea a row driving signal or a select,™, signal fcr selecting a row of jixela a«l tte 

colons driver (data driver) suRphes colunn, driving signals or data aignala to the ae^ 
|W of p^xeb via fl.e colnn^n electrodes and the .^nsiston,. Tl» d«^ 

data to be d«^la5«d. and ibrn.. together With, the selecdon Signal a Of a) ^ 
tor dnvmg one or more pixels. 



IS 



^'''««™»>.™eIectronich*i,p,„videdbetwean 
conanon electrode provided on fte transparent substrate. The electronic tat c«npdses 
»"lt*le microc^es witt a diameter of about 10 to 50 micr^is. Each microcapsule 
con^rises positively ch^ged while particles andnegatively charged blackparticl^ 
«»pendedinai3uid.Whenapositivevol«,eiaappliedtothe pixel electrode, the white 



PHNL030843EPP 



2 11.07.2003 
particles move to the side of the microc^sule directed to the transparent substrate, and Hie 
pixel becomes visible to a viewer. Simultaneously, the black particles move to Ihe pixel 
electrode at the opposite side of Ihe microcapsule where they are hidden from the viewer. By 
flying a negative voltage to Ihe pixel eleclrode, the black particles move to the common 
5 electrode at the side of flie micix)c^>sule directed to the transparent substrate, and the pixel 
appears dark to a viewer. Snnultaneously, the white particles move to the pixel electrode at 
the opposite side of the microcapsule where they are hidden from the viewer. When Ihe 
electric voltagps are removed, the display unit remains m flie acquked state and exhibits a bi- 
stable character. 

10 To reduce the dependency of the optical response of the electrophoretic 

display unit on the history of the pixels, preset data signals are suppKed befiwe the data- 
dependent signals are supplied. These preset data signals comprise data pulses representmg 
energies which are sufficient to release the electrophoretic particles from a static state at one 
of the two electrodes, but which are too low to allow the electrophoretic particles to reach the 
15 otiier one of the elechrodes. Because of the reduced dependency on tiie history of the pixels, 
the optical response to identical data will be substantially equal, regardless of Ihe history of 
the pucels. The underlying mechanism can be explained by the feet that, after the display 
device is switehed to a predetermined state, for exanq)le a black state, the electrophoretic 
particles come to a static state. When a subsequent switehmg to the white state takes place, 
20 the momentum of the particles is low because their starting speed is close to zero. This results 
in a hi^ dependency on the history of flie pixels resulting m a long switehing time to 
overcome this dependency. The appKcation of the preset data signals mcteases the 
momentum of Ihe electrophoretic particles and thus reduces flie dependency resulting m a 
shorter switching time. 

25 The time-interval required for driving all pixels m all rows once (by driving 

each row one after the otiier and by driving all columns sunuhaneously once per row) is 
called a frame. Per frame, each data pulse for driving a pbcel requires, per row, a row driving 
action for siq>plymg tiie row driving signal (the selection signal) to tiie row for selecting 
(driving) this row, and a column drivmg action for supplying the data pulse, like for example 

30 a date pulse of Ae preset data signals or a data pulse of tiie data-dependent signals, to tiie 
pixel. Usually, tide latter is done for all pbcels in a row simultaneously. 

When i^dating an image, firstiy a number of data pulses of the preset data 
signals are suppUed, further to be called preset data pulses. Each preset date pulse has a 
duration of one frame period. The first preset date pulse, for example, has a positive 



PHNL030843EPP 



^ 11.07.2003 
amplitude, the second one a negative an^litude. and the third one a positive an^litude etc. 
Such preset datapulses with alternating ampKtudes do not change Ihe gray vahie di^layed 
by the pixel. 

During one or more subsequent fiames, the data-dependent signals are 
si^Ued, with a data-dependent signal having a duration of zero, one, two fx> for exanq,le 
fifteen fiame periods. Hiereby, a data-dependent signal having a duration of zero frame 
periods, for example, corresponds with the pixel displaying fidl black assuming that the pixel 
abea^ displayed foil black. In case Ihe pixel displayed a certain gray value, tins gray value 
remains unchanged when the pixel is driven with a data-dependent signal having a duration 
of zero fiame periods, in other words when being driven with a driving data pulse having a 
zero ampKtude. A data-dependent signal having, for exan5,le, a duration of fifleen frame 
periods comprises fifteen driving data pulses and results in Ihe pixel displaying fidl white 
and a data-dependent signal having a duration of one to fourteen frame periods, for exan^e 
comprises one to fourteen driving data pulses and results in the pixel displaying one of a 
limited number of grajr values between fiill black and fiill white. 

Per data electrode, a first data pulse having a first amptitude is siq>pUed to a 
first pixel coupled to flie data electrode and situated in a first row. This first data pulse is 
followed by a second data pulse having a second an^Htude, which second data pulse is 
s.q>pHed to a second pixel coupled to the same data electrode and situated in a second row m 
case Ihe first and second aiiq,Utudes have opposite polarities, the data driver must generate an 
energy equal to 2CU^ for supplying the second data pulse, with C being a total capacitance, 
with +U being Ihe first amplitude, -U being the second ampUtude, with -2U being the 
differential voltage to be realised, with Q = -2CU being the discharge to be provided, and 

with the energy E = I QU I = 2CU^ because of +U or -U being available for a single data 
pulse. In case of reversed first and second ampUtudes. the differential voltage to be realised is 

equ^^ to 2U, and Q = 2CU is the charge to be provided, wifli the energy stin being equal to 
2CU\ Thereby C is the total c^itance as "seen" by the data driver via the data electrode at 
a location where Ihe data electrode and the data driver are coupled to each other. This total 
capacitance C is formed by a combmation of the capacitance of Ae pfacel situated in an active 
row and m a column corresponding with flie data electrode, a possible c^acitance placed in 
parallel to the pixel and a c^acitance of the active matrix. As this capacitance of ihe active 
matrix is relatively large conqjared to the capacitance of the pbcel, the total capacitance is 
substantially equal to fee capacitance of the active matrix. So, a relatively large amount of 
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energy is necessary for discharging the capacitance of the active matrix compared to the 
energy necessary for discharging an isolated pixel. 

The known electrophoretic display unit is disadvantageous, inter alia, because 
of the relatively large amount of energy required for the charging and discharghig of these 
S capacitances. 

It is an object of the invention, inter alia, to provide an electrophoretic display 
unit which requfaes relatively less energy for the charging and discharging of c^acitances 
1 0 coiipled to data electrodes of the display unit 

Further objects of the invention are, inter alia, providing data driving circuitry 
for use in an electrophoretic display unit which requires relatively less energy for the 
charging and dischargmg, providing a display device comprising an electrophoretic display 
unit which requires relatively less energy for the charging and discharging, and providing a 
1 5 method for driving an electrophoretic display imit and a computer program product for 
driving an electrophoretic display unit, for use in (combination with) an electrophoretic 
display unit which requires relatively less energy for the charging and discharging. 

An electrophoretic display unit according to the invention comprises an 
electrophoretic display unit comprising: 
20 - an electrophoretic display panel conoprising selection electrodes and data electrodes, a 
crossing of a selection electrode a data electrode being associated with a pixel; 

- data driving circuitry for supplying a first and second data pulse to the data electrodes; 

- selection driving circuitry for supplying a first and a second selection pulse to respective 
selection electrodes; and 

25 - a controller for controlling switching circuitry for coixpling a data electrode to a voltage 
reference source after an end of the first selection pulse and before an end of a subsequent 
second selection pulse,, with a reference voltage of the voltage reference source having a 
value between extreme voltage values of the first and the second data pulses. 

By introducing the switching circuitry in the form of switches or transistors 
30 etc., between a supply of the fiurst selection pulse to a first row and before the end of a supply 
of the second selection pulse to a second row, tins data electrode can be coupled to the 
reference voltage source. As a result, between the first selection pulse and the second 
selection pulse, due to the reference voltage of the voltage reference source having a value 
between extreme voltage values of the data pulses, at least the capacitance of the active 
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matrix is charged or discharged, with the voltage at flie data electrode then being 
substantially equal to the reference voltage. Whether tiie capacitance of a pixel is also 
(dis)charged. depends on the switching element coupled to this pixel at that moment being 
conducting or not As a result, the absolute value of the differential voltage to be realised via 
the data driver in view of the c^itance of the active matrix when supplying the second 
pulse is now less than +2U, and the data driver must generate an energy less than 2CU^ far 
supplying the second date pulse, which is less than the total energy necessary in the prior art 
situation. So, flie maximum energy necessary for charging or discharging is reduced. 

The underlying thought is that, to function properly, firstly the data pulse 
voltage to be suppUed to a pixel must have the right value by the end of the first (second) 
selection pulse, to prevent that a pixel is driven with a wrong voltage, and secondly flie 
charging or discharging of the switching circuitry must be ready a sufficient amount of time 
before the end of the second selection pulse, to allow apixel to be driven to the right data 
pulse voltage. 

m case of file voltage reference terminal correaponding with ground, between 
the first selection pulse and the second selection pulse, at least the capacitance of the active 
matrix is charged or discharged, whereafl«r the voltage at the data electrode is about zero 
Volt Whether the c^adtance of apixel is also (dis)charged, depends on the swilchmg 
element coupled to this pixel at that moment being conducting or not As a result, the 
differential voltage to be realised in view of the c^acitance of the active matrix when 
supplymg ihe second pulse is now about +U or -U, and tiie data driver must generate an 
energy substantially equal to CU^ for si^lyiBg Ihe second datapulse, which is about half of 
Ae total energy necessary in tiie prior art situation. So. the maxhnum energy necessary for 
charging or discharging is reduced by substantially 50%. 

The voltage reference source may comprise a c^acitor for storing tiie 
reference voltage. 

In an embodiment tiie shaking data pulses for example correspond witii the 
preset data pulses discussed before. The reset data pulses precede tiie drivmg data pulses to 
forflier improve tiie optical response of tiie electrophoretic display unit^ by definmg a fixed 
starting pomt (fixed black or fixed white) for tiie driving data pulse. Alternatively, ihe reset 
data pulses precede flie drivmg data pulses to forflier hnprove tiie optical response of tiie 
electrophoretic display unit, by definmg a flexible starting point (black or white, to be 
selected in dependence of and closest to flie gray value to be defined by tiie foUowing driving 
data pulses) for the driving data pulses. 
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By adapting the controller to control the switching circuitry for coupling the 
data electrode to the voltage reference terminal after the end of the first selection pulse and 
before the start of liie second selection pulse, a larger amount of time is available to supply a 
data pulse to Hie pixel correctly. 
5 The previous embodiments reduce the maximum energy necessary for 

supplying the second data pulse to the corresponding second pixel. However, the average 
power consumption of the entire electrophoretic display unit is not necessarily reduced, as 
not all first and subsequent second pixels coupled to the same data electrode receive first and 
second data pulses having amplitudes with opposite polarity. In case of a first pixel receiving 
10 a first data pulse with a non-zero amplitude and a subsequent second pixel receiving a second 
data pulse with a zero amplitude, or vice versa, the energy necessary for supplying the second 
data pulse to the subsequent second pixel is not reduced when performing the in between 
charging or discharging. And in case of both pixels receiving data pulses with the same 
amplitudes, the energy necessary for sillying the second data pulse to the subsequent 
15 second pixel is even increased firom zero to about CU^ when performing the in between 
chgrging or discharging. By adapting the controller to control the switching circuitry for 
coupling the data electrode to the voltage refisrence terminal for first and second data pulses 
having opposite amplitudes only, the energy necessary for supplying tiie second data pulse to 
the subsequent second pixel is now reduced for the situation of the data pulses having 
20 opposite amplitudes, and is not changed for the other situations. As a result, tiie power 
consumption of the entire electrophoretic display unit has been reduced. 

By storing information about tiie amplitudes of the first and second data pulses 
in the memory coupled to the controller, the switching circuitry can be controlled 
autonaaticaUy. 

25 By coupling the switching circuitry to the data driving circuitry and the 

switching elements, the data driving circuitry does not need to be ad^ted 

The data driving circuitry may be a colunm driver. By letting the switching 
circuitry form part of the data driving circuitry, the switching circuitry is integrated into the 
data driving circuitry, and does not need to be separately coi:^led to the electrophoretic 
30 display panel and the data driving circuitry. 

The display device may be an electronic book, while the storage medium for 
storing information may be a memory stick, an integrated circuit, a memory or other storage 
device for storing, for example, the content of a book to be displayed on the display imit 
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Embodiments of a method according to fhe invention and of a computer 
program product according to the invention correspond with iBtie embodiments of an 
electrophoretic display unit according to the invention. 

The invention is based upon an insight, inter alia, that a total capacitance as 
5 "seen" by the data driving circuitry via a data electrode comprises a coinbination of 

- the cqjacitance of the pixel situated in an active row and in a column corresponding with 
the data electrode; 

- a possible capacitance placed in parallel to the pixel; and 

- a c^acitance of the active matrix. 

10 The capacitance of the active matrix is much larger than the capacitance ofUxe 

pixel, with the energy necessary for charging or discharging one or more c^iadtances with a 
differential voltage being proportional to these one or more cs^adtances and to this 
differential voltage, and is based upon a basic idea, inter alia, that this differential voltage to 
be realized via the data drivers in view of the capacitance of the active matrix can be reduced 

15 by introducing the in between chargmg or discharging by coupling the data electrode to the 
voltage reference source. 

The invention solves the problem, inter alia, of providing an electrophoretic 
display unit which requires relatively less energy for providing the charging and discharging, 
and is advantageous, inter alia, in that optimally about only half of the total energy necessary 

20 in the prior art situation needs to be provided In case of coupling the data electrode to the 
voltage reference source for first and second data pulses having amplitudes of opposite 
polarity only, the power consumption of the entire electrophoretic disfplay unit is reduced. 

These and other aspects of the invention will be iq^yparent firom and elucidated 
with reference to flie embodiments(s) described hereinafter. 

25 



In the drawings: 

Fig. 1 shows (in cross-section) a pixel; 

Fig, 2 shows diagrammatically an electrophoretic display unit; 

Fig. 3 shows a waveform for driving an electrophoretic display unit; 

Fig. 4 shows diagrammatically an electrophoretic display unit according to the 

invention; 

Fig. 5 shows data pulses and selection pulses for a prior art driving situation 
and for a driving situation according to the invention; 
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Fig. 6 shows an electrical scheme comprising a total cs^acitance, a date 

electrode, data driving cinniitty and separate switching ciicuitty; and 

Fig. 7 shows an electrical scheme coirpising a total capacitance, a data 

electrode, and data driving circuitry with integrated switehing ciicuitry. 



The pixel 1 1 of the electrophoretic display unit shown in Fig. 1 (in cross- 
section) comprises a base substrate 2, an electrophoretic fihn (laminated on base substrate 2) 
with an electronic ink which is present between two transparent substrates 3,4 of, for 

10 example, polyethylene. One of the substrates 3 is provided with transparent pixel electrodes 5 
and the other substrate 4 is provided with a transparent common electrode 6. The electronic 
ink comprises multiple microcapsules 7 of about 10 to 50 microns m diameter. Each 
microcapsule 7 comprises positively charged white particles 8 and negatively charged black 
particles 9 suspended in a fluid 10. When a positive voltage is filled to the pixel electrode 

15 5, the white particles 8 move to the side of the miiaocsqpsule 7 directed to the common 

electrode 6, and the pixel becomes visible to a viewer. Simultaneously, the black particles 9 
move to the opposite side of the microcapsule 7 where they are hidden from the viewer. By 
flying a negative voltage to the pixel electrode 5, the black particles 9 move to the side of 
the microc^sule 7 directed to the common electrode 6, and the pixel appears dark to a 

20 viewer (not shown). When the electric voltage is removed, the particles 8,9 remain in the 
acquired state and the display exhibits a bi-stable charactCT and consumes substantially no 
power. 

The electrophoretic display unit 1 shown in Fig. 2 comprises a display panel 
60 comprising a matrix of pixels 1 1 at the area of crossmgs of row or selection electrodes 

25 41,42,43 and column or data electrodes 31,32,33. These pixels 11 are all coi^led to a 
common electrode 6, and each pixel 1 1 is coupled to its own pixel electrode 5. The 
electrophoretic display unit 1 fiirther comprises selection driving circuitry 40 (row driver 40) 
coupled to the row electrodes 41,42,43 and data driving ckcuitry 30 (column driver 30) 
cov5)led to the column electrodes 31,32,33 and comprises per pixel 11 an active switching 

30 element 12. The electrophoretic di^lay unit 1 is driven by these active switehing elements 12 
(in this exan^le (thin-fihn) transistors). The selection driving ckcuitry 40 consecutively 
selects the row electrode 41,42,43, while the data driving ciicuitry 30 provides data signals 
to the column electrode 31,32,33. Preferably, a controller 20 first processes incoming data 
arriving via input 2rand then generates the data signals. Mutual synchronisation between the 



PHNL030843EPP 



' 11.07^003 



10 



15 



20 



25 



30 



data drivmg circuitor 30 and fl» election drhrfag drcaitor 40 1*^ 
aad 24. Selection signals ftom «« selection driving circuitry 40 select fte pixel electrodes 5 

™ fl» tnmsis.^ 12 of wMch fl« drain electnxles .» electricany conplrf 
eIe*o^ 5 andof wlnd>,i«ga,edec.™toa^ 

Z ^Z '^^^'^ •» "l-'^y coupled to the column elect»des 

31^2,33. A data signal present atthe cotann electrode 31.32.33 is simultaneously 
t=«sfa«d to tiepixel electrode 5 of lie pixel 11 cov»ledu> the drain electrode of 
tt^sistor 12. DuHeadof transistors, other swi*^ 

MIMs. etc. TT» data signals and tie selection signals togea«&rn,(i»«, of) driv^ 

Inconm^datt, suchasimageinfcmalion.«eivabIeviainput21 ispoKessed 
by con,roller20.11ereto.contr„ner 20 detects ^.arrivalofnewin^geinlb^ 

new nnage and in response ssuts fl« processing of fl« in««e infi«n«.i«, ««i^ 
P^cesdng of in«geinforn.aaonn»ycon,pdseti» loading Of a„„e„i„^i,^^ 

oompanng„fpreviousimage»st«edin.n»mo,yofconfoller20«»lthenewi»age the 

drtve waveS^ns etc. Finally, ocmtroller 20 detects ^ tWs processing of th^ 
infomiatioii is ready. 

Tlien, ocmtmller 20 generates 4e data signals to be suppUed to data driving 
-Wviadrive lines 23 andgene«estl» selection signals tobe^^^^ 

40 vu.dr.ve lines 24. Tltese data signals con^ data-independent signals which ate the 
«|meferanpi«ls 11 "d data^enden. signals which n.ay or may no, vaqr per pi«l n 
11» data-n«lq»ndeM signals comprise shaHng data pulses fenning the preset d^ 
w«h the data-dependent signals comprising one ™: more «se, data pulses and on. or more' 
dr™gda.apulses.lleseshaldngda,apuIsescomprisepulses.,p.esen,ingenen^ 
sufBcent to «lease fte elecBophoretic particles 8,9 fcm a «atic state « one of fte nvo 
^ectrodes 5,6, but which is too low to allow the particles 8,9 to reach fte o*er one of fte 
electrodes 5,6. Because of the reduced d^endency on fl,e Mstoty. the <^ re^ 
.dent«:alda,awinbesubstan,idlye<pal..egarfle»,ofthehist™yof,hepi^ 

data pulses red^e the dependency of fl« optical .e^ of the electropho^iic 
d«^uni.on,hehisto.y„f,hepi.els 11. Tl^resetdatapnlseprecedes the driving^ 
pulse to ftrther improve fl» .^cal response, by defining a flerible starting point 
drtving data puls,MWs starting point may be a black or white level, to be selected in 
d^»«dence on and doses, to the gray value defined by 4e Mowing drivmg data pulse 
Altenutively, flu, reset data pulse m^ to partrftta dat».h«iq«nden, signal 
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precede the driving data pulse to further improve the optical response of the electrophoretic 
display unit, by defining a fixed starting point for the driving pulse. This starting point may 
be a fixed black or fixed white level. 

In Fig. 3, a waveform representing voltages across a pixel 1 1 as a fimction of 
5 time t is shown for driving an electrophoretic display unit 1. This waveform is generated, 
usmg the data signals siqiplied via the data driving ciicuitcy 30. The waveform comprises 
first shaking data pulses Shu followed by one or more reset data pulses R, second shaking 
data pulses Shj and one or more driving data pulses Dr. For example, for a system with four 
grey levels, sixteen different waveforms are stored in a memory, which may be a look-iq> 
10 table, forming part of and/or coupled to the controller 20. In response to data received via 
input 21, controller 20 selects a waveform for a pixel 1 1, and supplies the corresponding 
selection signals and data signals via the corresponding drivers 30,40 and via the 
corresponding transistors 12 to the corresponding pixels 1 1 . 

A fiame period corresponds with a time-interval used for driving all pixels 1 1 
15 in the electrophoretic display unit 1 once by driving each row one after the other and by 
driving all columns simultaneously once per row. For supplying data-dependent or data- 
iadependent signals to the pixels 11 during frames, the date driving chcuitry 30 is controlled 
in such a way by tiie controller 20 that aU pixels 1 1 in a row receive these data-dependent or 
data-mdependent signals simultaneously. This is done row by row, with the controller 20 
20 controlling the row driver 40 in such away that the rows are selected one after the other (all 
transistors 12 in the selected row are brought into a conducting state). In case of data- 
independent signals, more than one row nwy be selected shnuhaneously. 

During a first set of flames, the first shaking data pulses Shi are supplied to 
the pixels 11, with each shaking data pulse having a duration of one frame period. The 
25 starting shaking data pulse for example has a positive amplitude, the next one a negative 
amplitude, and the next one a positive amplitude etc. Therefore, these alternating shaking 
data pulses do not change ttie gray value displayed by the pixel 1 1, as long as the fimie 
period is relatively short 

During a second set of fiames comprising one or more firames periods, a 
30 combmation of reset data pulses R is supplied, ftirther to be discussed below. Durmg a third 
set of fiames, the second shaking data pulses Sh2 are supplied to fee pixels 1 1, with each 
shaking data pulse having a duration of one fiame period. During a fourth set of flames 
comprismg one or mwe flames periods, a combination of drivmg data pulses Dr is supplied, 
with the combination of driving data pulses Dr eitiier having a duration of zero flame periods 
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tol»tagap^»e havu« . z«o a«.pUtadeortaW.gadu««an of one. ^ 
^P^. f«r^,^c.„.^^^^^ „ dispIaytegftUbladcprovidedthe 

ftu™« fl»„„ peaoas oon^ one to ib^ 

closes, to fl» gray vrtue « be defined by ft,n«ri«g driving data pulses 

/''***«*°*3U2^3,afl«da.apulseha™gafe.aovlh„deis 
Z^H t.^*^ „ coopl«i«a«da.ae.ec.^3,.32.33 a.d^.„a.edtoal™.^ 

Wa.ds«»atedmasecond™w.T,^«eo.awmaybeaso^ 
2^abo3„yo«.erwaddressedafterfl.fe.^.,„e.„<^^^^^ 

-npl«»desba™gan,pu.„descfopposi,ep„lad.y.«„da*.drivh«ci«ui^3^ 
generateaoe^rgy equal ,„2CU^ft.«„,yi^fl„^^ 

capao.^ce.^d..Ubei.g.,.fl^an«.u^«,^<^ J ^7 

be^*edffl.en«a,voH,getobe«a..ed.^Q = .acubetagJL»g;u,t 
«.^^.b«»e».gyB-|Qu|=2CO=^of.Uo,.Ubetogava.ab>e«.a 
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and Ihe data driving circuitry 30 ate coupled to each other. This total c^acitance C is formed 
by a conabination of the c^adtance of the pixel 1 1 situated in an active row and in a column 
corresponding with the data electrode 3 1,32,33, a possible capacitaace placed in parallel to 
the pixel 1 1 and a capacitance of the active matrix. Due to this c^acitance of the active 
5 matrix being relatively large compared to the capacitance of ±e pixel 1 1 , a relatively large 
amount of energy is necessary for making the discharge con]5)ared to the energy necessary for 
discharging an isolated pixel. To reduce the energy for providing the chargmg and 
discharging, switching circuitry is introduced as shown in Fig 4. 

Fig. 4 shows an electrophoretic display unit 100 according to the invention, 

10 which is similar to electrophoretic display unit 1, apatt ftom the foUowmg. Between the data 
driving chcuitry 30 and the display panel 60, switching dicuitry 50 has been introduced, 
which is controlled by ftie controller 20 via a drive line 25. Switching circuitry 50 for 
exan^le conq>rises a switch or a transistor etc. per data electrode 31,32,33 for coiq»lmg the 
data electrode 31,32,33 to ground, directly or via a resistor. The functioning of 

15 electrophoretic display unit 100 accordmg to the inventian will be e^cplained in view of Fig. 5 
and 6. 

Fig. 5 shovra data pulses and selection pulses for a prior art driving situation 
and for a drivmg situation according to the invention. In the upper gr^h SI, a first selection 
pulse SPl is shown. This first selection pulse SPl is supplied firom selection driving circuitry 

20 40 via for example selection electrode 41 to all first transistors 12 coupled to this selection 
electrode 41 for making pixels 1 1 in a first row active. In the second graph S2, a second 
selection pulse SP2 is shown. This second selection pulse SP2 is siqiplied from selection 
driving circuitry 40 via for example selection electrode 42 to all second transistors 12 
coupled to this selection electrode 42 for making pixels lima second row active. In the third 

25 gr^h, data pulses Dl for a prior art driving situation are shown. Shortly bef<»e, during and 
shortly after the first selection pulse SPl, a positive voltage is supplied from data driving 
chcuitry 30 via data electrode 3 1 to a first transistor.l2 coupled to a first pixel 1 1 in the first 
row and first column. This positive volta^, for example, has an airq>litude of +U Volt. 
During the first selection pulse SPl , fljis first transistor 12 is brought mto a conducting state, 

30 and as a result, a part of a first data pulse DPI is siqjplied as a positive voltage indicated with 
a white area m Fig. 5. to this first pixel 1 1 . Shortly before, during and shorfly after the second 
selection pulse SP2, a negative voltage is sijpplied from data drivmg circuitry 30 via the data 
electrode 3 1 to a second transistor 12 coupled to a second pixel 1 1 in the second row and the 
first column. This negative voltage, for example, has an amplitude of -U Volt During the 
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second selection pulse SP2. iliis second transistor 12 is brought into a conducting state, and 
as a result, a part of a second data pulse DP2 is si^Ked as a negative vohage (again 
indicated with a white area) to flus secondpixel 11. In fee lower gr^h, datapulses D2 for a 
driving scheme according to the invention are shown. Shorfly before, during and shortly after 
the first selection pulse SPl, a data pulse DP 1 with a positive voltage is supplied from data 
dnvmgcHcuilry 30 via data electtode31 toafirst transistor 12 coupled to a first pixel 11 in 
the first row and first column: This pulse, for example, has an ampUtude of +U Volt During 
the first selection pulse SPl, this first transistor 12 is brought into a conducting state, and as a 
result, a part of this data pulse DPI is suppKed to this first pixel 1 1. Shorfly before, during 
and shorfly after the second selection pulse SP2. a negative data pulse DP2 is supplied by 
data driving circuitry 30 via data electrode 3 1 to a second transistor 12 coupled to a second 
pixel 1 1 in the second row and first column. This negative pulse DP2, for exan^le. has an 
amplitude of -U Volt During the second selection pulse SP2, this second transistor 12 is 
brought into a conducting state, and as a result, a parf of this data pulse DP2 is suppUed to 
this secondp«el 11. However, according to the mvention, this negative voltage does not • 
follow the positive voltage immediately. An intermediate voltage step has been introduced by 
bnefly coiq)lingthe data electrode31 toground between the data pulses DPI andDP2 This 
intermediate step may be positioned anywhere between the end Tl of fixe first selection pulse 
SPl and the end of T2 of the second selection pulse SP2. 

Fig. 6 shows an electrical scheme comprising a capacitance 13 for exanq)le 
conespondmg with at least a c^acitance of the active matrix and coupled seriaUy to an 
impedance 14 (for exanq)le representing a resistance of the wiring eto.), a data electrode 34. 
for example, corresponding with the data electrode 31,32 or 33. data driving circuitry 30 and 
separate switehmg circuitry 50. Data driving circuitry 30 conqjrises a switeh 39 having a 
main contact coupled to flie data electrode 34 and having four subcontacts. In position I tire 
mam contact is coupled to a first subcontact which is fioating. In position H the main contact 
IS coupled to a second subcontact which is coupled to a positive terminal of a first voltage 
source 35 for supplying +U Volt at the second subcontact for generating a positive data pulse 
m position ni the main contact is coupled to a fliird subcontact which is c^led to a negative 
termmal of the first voltage source 35 for supplying 0 Volt at the ftird subcontact for 
genemting a data pulse having a zero amplitode. This negative terminal of the first voltage 
source 35 is also coupled to a positive terminal of a second voltage source 3 6. m position IV 
the main contact is co,q,led to a fourfli subcontact which is coi^led to a negative terminal of 
the second voltage source 36 for supplying -U Volt at the fourfh subcontact for generating a 
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negative data pulse. Switching circuitry 50 comprises a switch 59 having a main contact 
coupled to the data electrode 34 and having two subcontacts. In position V the main contact 
is coupled to a fifth subcontact which is floating. In position VI the main contact is coupled 
to a sixfli subcontact which is coiq?led to a reference voltage source REF like for sample 
5 ground. 

For realising the data pulses Dl in the prior art driving situation shown in the 
third graph of Fig. 5, the prior art part of the electrical scheme shown m Fig. 6 is used. This 
prior art part comprises the data driving circuitry 30, the data electrode 34 and fiie 
capacitance 13 and impedance 14, and excludes the switching circuitry 50. For supplymg the 
10 positive voltage +U Volt to the first transistor 12, the switch 39 is brought firom position I 
into position II. For supplying the negative voltage -U Volt to the second transistor 12, the 
switch 39 is brought firom position II into position IV. As described before, the energy 
necessary for supplying the second data pulse DP2 is equal to 2CU^, with C being the 
c^acitance 13. This energy is provided by the second voltage source 36. 
1 5 For realising the data pulses D2 in the driving situation according to the 

invention shown m the lower graph of Fig. 5, the electrical scheme shown in Fig. 6 is used, 
including the switching circuitry 50. For si^jplying the positive voltage +U Volt to the first 
transistor 12, the switch 39 is brou^t from position I into position n. For introducing the 
intermediate voltage step, firstly the switch 39 is brought fi»m position n into position I, and 
20 secondly the switch 59 is brought firom position V into position VI. For siqq?lying the 

negative voltage -U Volt to the second transistor 12, firstly the switch 59 is brought from 
position VI into position V, and secondly the switch 39 is brought from position I into 
position IV. As a result, in case of the reference voltage source REF corresponding with 
ground, the energy necessary for supplying the second data pulse DP2 is now equal to CU^, 
25 due to the capacitance 13 being discharged between the first data pulse DPI and the 

subsequent second data pulse DP2, with the voltage at the data electrode then being about 
zero Volt The differential voltage to be realised when si5)plying the subsequent second pulse 
DP2 is now about -U, and the second voltage source 36 must generate an energy substantially 
equal to CU^ for supplying the second data pulse DP2, which is about half of the total energy 
30 necessary in the prior art situation. 

Fig. 7 shows an electrical scheme comprising a capacitance 13 coupled 
serially to an iixq)edance 14 (for example representing a resistance of flie wiring etc.), a data 
electrode 34 for exanqple corresponding with the data electrode 31,32 or 33, and integrated 
data driving circuitry 70. Integrated data driving circuitry 70 m Fig. 7 comprises switching 
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completed before the start of flie second selection pulse SP2, as tfads provides the best method 
of ensuring that the second data pulse DP2 is correctly transferred to the pixel. If chargmg or 
discharging is not completed, only a portion of the possible power saving will be realised. 

The above reduces the maximum energy necessary for supplying the second 
5 data pulse DP2 to the corresponding second pixel 1 1 . However, the average power 

consumption of the entire electrophoretic display unit 100 is not necessarily reduced, as not 
all jBrst and subsequent second pixels 1 1 coiq>led to the same data electrode 31,32,33,34 
receive first and second data pulses having amplitudes of opposite polarities. In case of a first 
pixel 1 1 receiving a first data pulse with a non-zero amplitude and a subsequent second pixel 
10 11 receiving a second data pulse with a zero anq>litude, or vice versa, the ^ergy necessary 
fox st^iplying the second data pulse to the subsequent second pixel 1 1 is not reduced. And in 
case of both pixels 1 1 receiving data pulses with flie same amplitudes, the energy necessary 
foe supplying the second data pulse to the subsequent second pixel 11 is even increased from 
zero to CU^ 

15 To reduce the power consumption of the entire electrophoretic display unit 

100, the data electrodes 3 1,32,33,34 are coiq>led to the voltage reference source REF for fitrst 
and second data pulses DPI , DP2 having opposite aniplitudes only. The energy necessary for 
supplying the second data pulse to the subsequent second pixel 11 is now reduced for the 
situation of the data pulses having amplitudes of opposite polarity, and is not changed for the 

20 other situations. 

Controller 20 comprises and/or is cotqpled to a memory (not shown) like, for 
example, a look-up table for storing information about the an:q>litudes of the first and second 
data pulses, to control the switching circuitry SO automatically. 

The duration of the intermediatB voltage step as shown in the lower gcaph of 

25 Fig. S must preferably be such that &e capacitance 1 3 is discharged or dbaxged to a voltage 
for exanq>le situated between -O.IU and -K).1U. Other values are however not to be excluded. 
The invention can be used for shaking data pulses Shi,Sh2, reset data pulses R and driving 
data pulses Dr all shown in Fig 3. 

It should be noted that the above-mentioned embodiments illustrate rather than 

30 limit the invention, and that those skilled inihe art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting flie claim. Use 
of the verb "to comprise" and its conjugations does not exclude the presence of elements or 
steps other than those stated in a claim. The article "a" or "an" preceding an element does not 
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exclude the presence of a plurality of such elements. The invention may be implemented by 
means of hardware comprising several distinct elements, and by means of a suitably 
programmed computer. In the device claim enumeratmg several means^ several of these 
meaas may be embodied by one and the same item of hardware. The mere feet that certain 
measures are recited in mutually different depend^t claims does not indicate that a 
combination of these measures cannot be used to advantage. 
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CLAIMS: 



1 ■ An electrophoretic display unit (1 ,100) comprismg: 

- electrophoretic display panel (60) cranprising selection electrodes (41,42,43) and data 
electrodes (31, 32, 33, 34), a crossing of a selection electrode (41, 42, 43) and a data 
electrode (31, 32, 33, 34) being associated with a pixel (1 1); 

5 - data driving circuitry (30,70) for supplying a first and second data pulse (DP1,DP2) to the 
data electrodes (31,32,33,34); 

- selection driving circuitry (40) for supplying a first (SPl) and a second selection pulse 
(SP2) to respective selection electrodes (41 , 42, 43); and 

- a controller (20) for controlling switching circuitry (50) for coupling a data electrode 

10 (3 1^2,33,34) to a voltage reference source (REF) after an end (Tl) of the first selection pulse 
(SPl) and before an end (T2) of a subsequent second selection pulse (SP2), with a reference 
voltage of the voltage reference source (REF) having a value between extreme voltage values 
of the first and the second data pulses (DP1,DP2). 

15 2. An electrophoretic display unit (1,100) as claimed in claim 1, wherein the 

reference voltage corresponds witii ground level. 



3- An electrophoretic display unit (1,100) as claimed in claim 1, wh^in the 
controller (20) is ad^ted to control the switching circuitry (50) for coupling the data 

20 electrode (3 1 ,32,33,34) to the voltage reference source (REF) after the end (Tl) of flie first 
selection pulse (SPl) and before a start of the second selection pulse (SP2). 

4- An electrophoretic display unit (1,100) as claimed in claim 1, wbet&n the 
controller (20) is adf^ted to control the data driving circuitry (30,70) to provide: 

25 - shaking data pulses (Sh^Shz); 

- one or more reset data pulses (R); and 

- one or more driving data pulses (Dr); 

via the data electrodes (3 1,32,33,34) to the pixels (1 1). 
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5. An electxophoretic display unit (1,100) as claimed in claim 1, wherein the 
controller (20) is ad£Q>ted to control the switching dicuitry (50) for coupling the data 
electrode (31,32,33,34) to the voltage reference source (REF) if the first and the second data 
pulses (DPI JDP2) Imve amplitudes of opposite polarity, a tuning of the first and second data 
pulses (DP1,DP2) corresponding with a timing of the first (SPl) and second selection pulse 
(SP2), respectively. 

6. An electcophoretic display unit (1,100) as claimed in claim 5, fijrther 
comprising a memory coiqpled to the controller (20) for storing information about flie 
an^litudes of the first and second data pulses (DPI ,DP2). 

7. An electrophoietic display unit (1,100) as claimed in claim 1, wherem the 
switching circuitry (SO) coupled to the data driving circuitry (30) and the switching elements 
(12). 

8. Data driving circuitry (70) fi>r use hi an electrqphoretic display unit (1,100) as 
claimed in claim 1, wherein the switching circuitry (50) forms part of the data driving 
circuitry (70). 

9. A display device comprising an electrophoretic display unit (1,100) as claimed 
in claim 1; and a storage medium for storing information to be displayed. 

10. A method for driving an electcophoretic display unit (1,100) comprismg an 
electrophoretic display panel (60) conqnrismg selection electrodes (41,42,43) and data 
electrodes (31, 32, 33, 34), a crossmg of a selection electrode (41, 42, 43) and a data 
electrode (31, 32, 33, 34) being associated wifli a pixel (1 1), the method comprising the steps 
o£ 

- supplymg data pulses (DP1,DP2) to the pixels (1 1) via the data electrodes (31,32,33,34); 
and 

- siqiplying a first (SPl) and a second selection pulse (SP2) to respective selection electrodes 
(41, 42, 43); and 

- controlling switching circmtry (50) for couplmg a data electrode (31,32,33,34) to a voltage 
reference source (REF) after an end (Tl) of the first selection pulse (SPl) and before an end 
(T2) of the subsequent second selection pulse (SP2), with a reference voltage of tiie voltage 
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reference source (REP) having a value between extreme voltage values of the data pulses 
(DP14)P2). 

11- A computer program product for driving an electtophoretic display unit 

(1,100) comprising an electrophoretic display panel (60) comprising selection electrodes 
(41,42,43) and data electrodes (31, 32, 33, 34), a crossing of a selection electrode (41, 42, 43) 
and a data electrode (3 1 , 32, 33, 34) being associated with a pixel (1 1), the product 
con]^sing the fimctions of: 

- si5>plying data pulses (DP1,DP2) to the pfacels (1 1) via the data electrodes (3 1,32^3,34); 

- supplying a first (SPl) and a second selection pulse (SP2) to resspective selection electrodes 
(41, 42, 43); and 

- controlling switching circuitry (50) for coupling a data electrode (31,32,33,34) to a voltage 
reference source (^EF) after an end (Tl) of the first selection pulse (SPl) and before an end 
(T2) of the subsequent second selection pulse (SP2), with a reference voltage of the voltage 
refeirence source (REF) having a value between extreme voltage values of the data pulses 
(DP1,DP2). 
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ABSTRACT: 



10 



Eleclrophoietic display units (1,100) are provided with switching circuits (50) 
to reduce the energy necessary for supplying data pulses (DPI JDP2) to pixels (11) via a data 

electrode (31.32,33,34). This energy is proportional toadifferential voltage to be r^^^ 
and to a c^acitance (13) to be charged or discharged, which is formedby a coxnbination of a 
capacitance of the pixel (1 1 ) and a c^acitance of the active matrix. Due to ttis c^acitance 

ofthe active matrix beingmuchlarger,arelatively large amountofenergyisnece^^ The 
switching circuit(50)couples the dataelectrode(31,32.33,34)toavoltage referent 
(REF) hke ground between two selection pulses (SP1,SP2) to be suppHed sequentially to two 
re^ective pixels (1 1) coupled to the same data electrode (3 1,32,33,34). This reduces the 

amountofdischargingloberealizedby the datadrivers (3). Asaresult, the maximum 
necessary is reduced To reduce the power consumption of fte entire electrophore 
unit (1,100), this should be dcme preferably for datapulses (DP1,DP2) having amplitudes 
with opposite polarity only. 
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Fig. 4 
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